The objective of this work was to determine the effect of the temperature and the ethanol content of the Ni(NQ)2 solution on: (i) the efficiency of electrochemical deposition of nickel hydroxide; and (it) the molecular weight of the deposited film. An electrochemical quartz crystal nanobalance (EQCN) was used to measure the mass of films electrochemically deposited from Ni(NO3)2 solutions and constant current discharges were used to determine the electrochemical capacity of the films. The data indicates that increasing the temperature increases both the efficiency of the deposition reaction and the molecular weight of the deposited film. The increased efficiency at higher temperatures is attributed to a decrease in the concentration of a nickel complex at the surface of the electrode. The lower complex concentration decreases the diffusion rate of this species away from the electrode surface and hence increases the rate at which the complex precipitates from the solution. The increase in the molecular weight at higher temperature is attributed to a combination of increased rate of deposition and an increase in the lattice spacing of the active material. The data also indicate that increasing the ethanol content of the solution had no noticeable effect on the efficiency of deposition, when water was present. In pure ethanol, however, the chemistry of deposition seemed to change considerably. However, increasing the ethanol content of the solution resulted in an increase of the molecular weight of the film. Increase in the molecular weight with an increase in the ethanol content of the solution is due to an increase in the relative percentage of ethanol incorporated in the active material. The data also indicate that the number of electrons in the discharge reaction is approximately 1.4 electrons per nickel atom.
Introduction
Nickel hydroxide is one of the most commonly used active materials for the positive electrode in rechargeable batteries. It is also an electrochromic material and is considered an attractive candidate for potential application in "smart windows. ''~'~ Nickel hydroxide is commonly prepared electrochemically by cathodic precipitation at high temperatures (ranging from 70-90~ from a solution containing a mixture of ethanol and water. It has been shown that the electrochemical impregnation of porous nickel plaques produces superior battery electrodes compared to those made by the conventional chemical loading process (see Gross 3 for a review of both the chemical and electrochemical impregnation processes). However, a fundamental understanding of how the various operating conditions (e.g., temperature, ethanol content) affect the impregnation process is not well understood.
In electrochemical impregnation, a nickel plaque is cathodically polarized in a Ni(NO3)2 solution. Nitrate is reduced according to the following reaction 4-~ NO~ + 6H20 + 8e-~ NH3 + 9 OH- [1] One additional OH-ion per eight electrons passed may be generated from the ammonia/ammonium-ion equilibrium as expressed by NH3 + H20 r NH$ + OH- [2] In acid and neutral conditions, equilibrium tends toward the right-hand side of Eq. 2, g and therefore, if the pH at the electrode surface does not exceed 8, the nitrate reduction reaction can effectively be written as follows 1~
NQ-+ 7H20 + 8e-~ NH4 § + 10 OH- [3] The production of OH-increases the surface pH of the electrode, resulting in the precipitation of Ni(OH)~ at the electrode surface according to the following reaction ~-8' 1~
Ni 2+ + 2 OH ~ Ni(OH)2$ [4] There are two simplifications implied by Eq. 4. First, it is unlikely that nickel hydroxide precipitates as pure Ni(OH)2. Spectroscopic evidence shows that solvent and/or ions are incorporated into the film as the material de- The second simplification implied by Eq. 4 is that all the hydroxyl ions produced by the electrochemical reaction (e.g., Eq. 3) result in precipitation. This has led previous researchers to use Faraday's law to estimate the rate of deposition of nickel hydroxide films. 11'14-18 However, we found in a previous study 12 that while estimating the moles of nickel hydroxide that are deposited based on the number of coulombs passed works in dilute solutions of Ni(NO3)2 (e.g., 0.i M), deviations from Faraday's law occur at high Ni(NO3)2 concentrations. As the Ni(NO3)2 concentration was increased from 0.i to 2.0 M, the rate of deposition decreased by more than one order of magnitude. The coulombic inefficiency of the deposition process in concentrated solutions was attributed to the formation of a nickel complex that diffuses away from the surface before deposition can occur, thus consuming electrochemically generated OH.-Assuming the complex is the polymeric species Ni4(OH)~+, 13 a two-step precipitation reaction was pro- posed 12 4Ni 2+ + 4 OH-r Ni~(OH)~ + [5] Ni4
Based on this two-step process, operating under conditions which inhibit the reaction of the nickel complex with additional hydroxyls will reduce the coulombic efficiency of the process. The objective of this work was to determine the effect of solution temperature and ethanol content of the solvent on: (i) the efficiency of electrochemical deposition of nickel hydroxide; and (it) the molecular weight of the deposited film. An electrochemical quartz crystal nanobalance (EQCN) was used to measure in situ the mass of the deposited films. After formation, the films were electrochemically charged and discharged in 3 % KOH to determine the moles of nickel deposited. Coupling the deposition data with the discharge data enabled the deposition efficiency and the molecular weight of the deposited film to be calculated. In addition, the number of electrons per mole of nickel taking part in the discharge process was determined.
Experimental
An electrochemical quartz crystal nanobalance (EQCNElchema Model EQCN-501) was used to make in situ measurements of the mass deposited on a planar gold electrode
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during cathodic chronopotentiometric deposition in Ni(NO~)2 solutions. The EQCN is described in more detail elsewhere. 12' 19 Briefly, the working electrode consists of a quartz crystal with a thin layer of gold sputtered on both sides. The electrode area exposed to solution during deposition is 0.2 cm 2. The resonant frequency of the reference crystal is 10.000 MHz. The EQCN has a frequency resolution of 1 Hz which corresponds to 1.1 ng mass change. TM A Pine Model AFRDE5 bipotentiostat was used for all current and potential control. The counterelectrode consisted of a platinum screen. Depositions were carried out in Ni(NO3)2 solutions prepared with reagent grade Ni(NO3)2 9 6H20. Solution concentrations ranged from 0.1-1.0 M at applied current values of 0.5 mA (2.5 mA/cm2). Solvents consisting of 0, 50, 75, and 100 v/o ethanol were used. It should be noted that the solution consisting of 100 v/o ethanol was not truly anhydrous since the solute contained a 6:1 molar ratio of H20:Ni(NQ)2. Depositions were carried out at room temperature (23-25~
and controlled temperatures of 50 and 75~ using a jacketed flow-through cell.
To confirm that the deposited active material was Ni(OH)2, selected films were examined via cyclic voltammetry in 3 w/o KOH. The characteristic charge and discharge peaks were readily observed indicating the presence of the Ni(OH)2/NiOOH couple. The physical appearance of the deposits also provided evidence for the deposition of Ni(OH)2. In all cases the freshly deposited films were transparent and green, consistent with that reported by others. 12'17 Charging resulted in the formation of the black NiOOH.I~. 17 Films deposited under selected conditions were rinsed in distilled water, charged, and then discharged at a constant current of 50 btA in 3.0 w/o KOH. All discharges were conducted at room temperature. The electrochemical capacity of each film (determined by the time to discharge) was compared to its deposited mass and used to evaluate the deposits obtained under the different deposition conditions.
Results and Discussion
The effect of temperature.~The effect of temperature is illustrated in Fig. 1 which contains plots of mass vs. time for deposition in 1.0 M Ni(NO3)2 dissolved in a solvent mixture of 50/50 v/o ethanol/water. Independent of the temperature, the mass is observed to increase linearly with time (with regression values, R ~, consistently greater than 0.999), indicating a constant deposition rate. This is consistent with our earlier studies of the deposition from Ni(NO3)2 dissolved in 50/50 v/o ethanol/water solutions at RT. ~ The deposition rates (slopes of the mass vs. time curves) are essentially identical at RT and 50~ However, the deposition rate at 75~ is approximately 65% greater than that at RT and 50~ (5.6 vs. 3.4 ~g/min). The mass vs. time curves and deposition rates given in this paper are 
averse Concertrouon (/moo reproducible within a relative error of 5%. Also shown in Fig. 1 are the ideal mass vs. time curves assuming: (i) pure Ni(OH)2 is deposited; and (it) the electrochemically generated hydroxyl ions are completely consumed in the deposition process. Under these ideal conditions, the slope of the lines in Fig. 1 were calculated from Faraday's law dm = r o _ So~iAM ~ [7] dt 2F
where r ~ is the ideal deposition rate (g/s), So~ 9 is the stoichiometric coefficient for hydroxyl ions per electron (see reaction 1 or 3), i is the applied current density (A/cm2), A is the electrode area (0.2 cm2), and M ~ is the molecular weight of pure Ni(OH)2 (93 g/mol). The 2 in the denominator results from the 2 tool of hydroxyl ions required to deposit I tool of Ni(OH)2 (see reaction 4). It can be seen in the Fig. 1 that the difference in the predicted rates from the two nitrate reduction reactions (Eq. 1 and 3) is relatively small. Other reduction reactions have been shown to occur (including the hydrogen evolution reaction), although as with Eq. 1 and 3 they have stoichiometric coefficients close to one (i.e., they produce OHions in an approximately 1:1 ratio of OH to e-)P Therefore, the failure of Eq. 7 to predict the deposition rates must be due to violations in the assumptions which lead to Eq. 7. The violation of assumption (it) was discussed in our previous study in which the underutilization (inefficiency) of electrochemically generated hydroxide ions was attributed to the formation of Ni4(OH)44 § which in concentrated Ni(NQ)2 solutions diffuses away from the reaction interface before deposition occurs. 12 Relaxing the two assumptions that resulted in Eq. 7, the measured deposition rate, r (g/s), can be related to the ideal rate as follows the deposition efficiency requires knowledge of the actual molecular weight. In our earlier publication it was assumed that M was equal to M~ 1~ This assumption is shown below to be invalid since deposition rates greater than that predicted by Eq. 7 are obtained. This is only possible if the actual molecular weight is greater than that of pure Ni(OH)~. Although Eq. 7 does not show an explicit dependence of rate on the Ni(NO~)2 concentration, our previous study revealed that the deposition efficiency and hence the deposition rate is inversely related to this parameter in concentrated solutions. Figure 2a and b illustrate the effect of Ni(NO3)2 concentration on the deposition rates at RT, 50, and 75~ in 50 v/o ethanol and aqueous solvents, respectively. The horizontal dashed lines show the ideal deposition rates (calculated from Eq. 7) for the nitrate reduction reactions given in Eq. 1 and 3. At each concentration in Fig. 2a the deposition rates were virtually identical at RT and 50~ while the deposition rate at 75~ is up to 70% greater than that observed at the lower temperatures (13.6 vs. 8 .0 ~g/min at 0.5 M). A similar trend was observed in Fig. 2b . Note that the higher rate at RT compared to 50~ is within experimental error.
A feature in these curves not observed in our previous study is that under certain conditions (0.2 and 0.1 M Ni(NO~)2 at 75~ the deposition rate is significantly greater than that predicted by Faraday's law (Eq. 7). As discussed earlier, there are two possible explanations: (i) the electrochemical reaction for the reduction of nitrate could be different than that given in Eq. 1 or 3; and (if) the molecular weight of the deposited film may be greater than that of pure Ni(OH)~. Equation 3 gives the highest stoichiometric constant reported (10:8), yet it is not sufficient to explain the high deposition rates observed. It is more likely that the molecular weight of the deposition product is greater than 93 g/mol, indicating that the deposited films contain co-deposited water and/or ethanol. This is consistent with the widely accepted view that the deposition product is ~-Ni(OH)2, which has been shown to contain approximately 2/3 mol of H20 per tool Ni(OH)~. 2~
Determination of the dischargeable capacity of Ni(OH)2 films via discharge curves provides an additional relationship for M. The dischargeable capacity, Q, is related to the moles of nickel deposited by mFn q-M [9] where m and M are the mass and molecular weight of the deposited film, respectively, and n is the number of electrons in the discharge reaction per atom of Ni. From Eq. 9, M can be calculated iI n is known. Though the charge/discharge reaction at the nickel hydroxide electrode is customarily assumed to involve a single electron transfer, 22 there is ample evidence in the literature that the number of electrons taking part in the reaction is greater than 1. For example, Corrigan and Knight TM have shown using iodometric and electrochemical measurements that the average oxidation state of the charged nickel hydroxide can be as high as 3.6+0.1 which means that approximately 1.6 electrons participate in the charge/discharge reaction. It is assumed here that the number of electrons involved in the charge/discharge reaction is considered an unknown.
Since there are only two equations (Eq. 8 and 9) and four unknowns (e, n, So~-, and M) three assumptions need to be made in order to extract information from these equations: (i) The highest observed deposition rate is 100% efficient. This corresponds to deposition from aqueous 0.1 M Ni(NO3)2 at 75~ (the deposition rate under these condi- iii) The number of electrons in the charge/discharge reaction, n, is independent of the deposition conditions. Even if the actual efficiency of deposition under the conditions in assumption (i) is less than 100%, it will not affect the relative trends observed in the deposition data. In aqueous so- lutions it is most likely that the reduction of nitrate proceeds according to Eq. 3 since deposition of Ni(OH)2 occurs in the pH range of 6-8. 4 Assumption (iii) should be valid since it has been reported that solvent and/or ions incorporated during the deposition process are removed from the film on voltammetric cycling and therefore do not affect the discharge process. 8'2~ Consistent with this we observed that the cyclic voltammograms in 3 % KOH were not affected by the various deposition conditions. Based on the above three assumptions, the following procedure was followed to obtain e, n, and M: (i) Equation 8 was used (with e = 1.0 and SOH of 10/8) to solve for M at the greatest deposition rate observed (25 ~g/min; the discharge curve is shown in Fig. 4) ; (if) Equation 9 was used to calculate n; (iii) Equation 9 was used to solve for M for all other deposition conditions using the value of n determined in step (if) above; (iv) Equation 8 was used to calculate 9 for all other deposition conditions using the values of M calculated in step (iii) above and SOIl-from Eq. 1 and 3.
Discharge curves for the films deposited at RT, 50, and 75~ from 1.0 M Ni(NO3)2 in 50 v/o ethanol solutions (see Fig. 1 ) are shown in Fig. 3 . Each deposition was 10 min in duration, resulting in film masses of approximately 34, 34, and 56 ~g for the films deposited at RT, 50, and 75~ respectively. Even though the mass of the films deposited at 75~ is approximately 65 % greater than the films deposited at 50~ the dischargeable capacity is only 40% greater. This indicates that most, but not all, of the increased deposition rate measured at 75~ is due to the increased deposition of Ni(OH)2, rather than co-deposited solvent. The re- maining rate increase must be due to solvent incorporation into the film. A similar mismatch between mass and capacity change is observed for films deposited from 0.i M Ni(NO3)~ solutions. Discharge curves from these films are shown in Fig. 4 . Each deposition was 5 min in duration, resulting in film masses of 90 and 125 ~g for the aqueous solution at RT and 75~ respectively, and 96 and 115 ~g for the 50 v/o ethanol solution at RT and 75~ respectively. At 75~ the rates of deposition are 39 and 20% greater than at RT from the aqueous and 50 v/o ethanol solutions, respectively, but the discharge capacity was only 24 and 14% greater.
In order to separate the increased rate due to increased deposition efficiency from that due to increased solvent incorporation, the procedure reported above was followed. First, the molecular weight of the film deposited from an aqueous solution of 0.1 M Ni(NO3)2 at 75~ was determined to be 128 g/mol using Eq. 8 (e = 1.0 and Soil-= I0/8). This corresponds to a deposition product of approximately Ni(OH)2 9 2H20. Substituting this molecular weight into Eq. 9 yields a value for n of 1.38 electrons per nickel atom. Equation 7 was then used to solve for M for all other deposition conditions using n = 1.38. Some of the molecular weights are listed in Table I . Finally, the efficiency of the deposition process was estimated from Eq. 8 for two values of Soil . In aqueous solutions the reduction of nitrate most likely proceeds according to Eq. 3 (i.e., Soil = 10/8). However, in solutions of water and ethanol it is not known what the dominant reaction is. Therefore, the deposition effieiencies shown in Table I use Eq. 3 when the solvent is pure water and Eq. 1 and 3 when the solvent is water/ethanol.
As shown in Table I , deposition at 75~ is more efficient than that at RT in both concentrated and dilute Ni(NO3)2 solutions. This suggests that either the equilibrium reaction shown in Eq. 6 lies farther to the right or the kinetics of Reaction 6 are accelerated at increased temperatures. Accelerating the reaction of the complex, reduces its concentration at the interface which reduces the rate of diffusion of this species away from the electrode and therefore increases the deposition efficiency. However, the concentration of the complex species, and consequently the efficiency, appears to be much more sensitive to the concentration of Ni(NO3)~ than it is to the temperature.
The molecular weight of the films deposited at 75~ is also greater than that of the films deposited at RT. This implies that the quantity of solvent incorporated into the active material increases with temperature. As the temperature increases, the deposition rate increases and the solvent molecules which are trapped in the interlamelfar planes of the nickel hydroxide are unable to leave the film at a rate comparable to the kinetics of deposition. This hypothesis was verified by depositing 50 Fg of the active material at 1.0 and 3.0 mA in 1.0 M Ni(NO3)2 solution. The deposition rate observed at 3.0 mA was approximately five times greater than that at 1.0 mA. The high rate deposition resulted in a film with 30% less dischargeable capacity than the one obtained from the low rate deposition. Since the masses were identical, high rate depositions result in more solvent incorporation into the film (i.e., high molecular weight). Not only is the rate of deposition important in determining the molecular weight of the deposited film, but the lattice spacing available for the solvent may also be important. This conclusion was drawn by comparing films deposited at 25~ from a 0.i M Ni(NO3)2 in 50 v/o ethanol solutions to those deposited at 75~ in 1.0 M solutions. The molecular weights of the films deposited under the two conditions were essentially equal (4% difference) even though the rate in the former case (i.e., lower temperature and lower concentration) was 56% higher. We concluded that the additional solvent that would be incorporated owing to the higher rate was olfest by the decreased lattice spacing at the lower temperature. An alternate explanation is that more nitrate was incorporated into the film in the more concentrated solution. Therefore, a film was deposited at 25~ from a 0.I M Ni(NO3)~ solution saturated with NaNO~. Neither the deposition rate nor the molecular weight of the deposited film was affected by the nitrate concentration indicating that it was probably the increased lattice spacing of the films at 75~ compared to 25~ that decreased the tendency of the solvent to move out of the film.
The effect of ethanol.--Plots of mass vs. time for deposition in 1.0 M Ni(NO~)~ dissolved in solvents consisting of 0, 50, 75, and i00 v/o ethanol at 0.5 mA (2.5 mA/em ~) are shown in Fig. 5 . Also plotted in Fig. 5 are the mass vs. time curves predicted from Faraday's law (Eq. 7). Independent of the solvent composition, the mass of the deposit increased linearly with time, indicating a constant rate of deposition. Deposition rates were observed to increase as the ethanol content increased, with the most significant Typical discharge curves for films deposited from the above solutions are shown in Fig. 6 . Each deposition was 10 min in duration, resulting in film masses of 27, 34, 39, and 86 Ixg for the solutions containing 0, 50, 75, and 100 v/o ethanol, respectively. The rates of deposition from the 100, 75, and 50% ethanol solutions are 220, 45, and 26% greater than that from the aqueous solution, but the capacities calculated from the discharge times are 120, 20, and 19% greater. Again, this implies that the measured mass change observed in Fig. 5 is due to a combination of increased Ni(OH)2 and solvent deposition.
The effect of Ni(NO3)2 concentration on the deposition rate is illustrated in Fig. 7 . The horizontal dashed lines show the ideal deposition rates calculated from Eq. 7. At both 1.0 and 0.5 M Ni(NO3)2, the deposition rate increases with increasing ethanol content. However, at 0.1 M Ni(NO3)2 the deposition rate is lowest at the highest ethanol content. This anomalous trend suggests that the chemistry in pure ethanol is different from that occurring in solvents containing water. This may be due either to the nickel complex formation given in Eq. 5 or the electrochemical reduction reaction occurring at the surface of the electrode.
'l~Fpical discharge curves for films deposited from 0.1 M Ni(NO3)2 solutions are shown in Fig. 8 indicates that the differences in the rate of increasing mass from 0.1 M Ni(NO~)2 are not owing to different deposition rates of Ni(OH)2 but to differences in the molecular weight of the films (increasing co-deposition of water and/or ethanol with increasing ethanol in solution). Finally, the capacity of the film deposited from the 100 v/o ethanol solution is seen to be 35% less than that of the other films, but the mass of deposit is only 16% less than the film deposited from the aqueous solution. Again, this indicates that the efficiency of the deposition process or the electrochemical reaction changes significantly when very little water is present in solution.
The molecular weights listed in Table I show two trends with respect to ethanol content. First, the molecular weight of the deposit is observed to decrease with increasing Ni(NO3)2 concentration. As stated earlier, this is mostly likely due to the decrease in deposition rate at higher concentrations. The values of 107 and 109 g/tool for the 1.0 M solutions dissolved in aqueous and 50 v/o ethanol solutions, respectively, are consistent with the value of 105 g/tool reported elsewhere. 2~ The second trend observed in Table I is that the molecular weight of the deposit increases with increasing ethanol content in the solvent. The value of 153 g/mol for the 1.0 M solution dissolved in 100 v/o ethanol corresponds to a deposition product of approximately Ni(OH)z -4/3EtOH. The increased molecular weight with increasing ethanol is likely due to the increased incorporation of ethanol into the film. This further supports the argument that solvent rather than ions are the cause of molecular weights being higher than the 93 g/mot expected for pure Ni(OH)2.
Conclusions
An electrochemical quartz crystal nanobalance (EQCN) was used to measure in situ the mass of the nickel hydroxide films and constant current discharges were used to determine the electrochemical capacity of the films. These data were used to determine the effects of temperature and ethanol content of the nitrate solution on: (i) the efficiency of electrochemical deposition of nickel hydroxide; and (it) the molecular weight of the deposited active material.
The increase in the efficiency at high temperature was attributed to an increased rate of reaction of the nickel complex at the surface of the electrode. The increase in molecular weight at high temperature was attributed to a combination oi an increase in the rate of deposition caused by the increase in efficiency and an increase in the lattice spacing of the active material. The effect of ethanol on efficiency was insignificant except in 100% ethanol. The absence of water in the solvent seems to have an effect on the deposition chemistry. The molecular weight, however, increased with increasing ethanol content confirming the assumption that solvent is incorporated into the film during the deposition process.
Understanding the effect of operating conditions on the efficiency of the electrochemical reaction and the molecular weight of the deposited active material should lead to improvements in the quality of porous plaques which are electrochemically impregnated. For example, increased efficiency not only lowers operating costs but it may also result in a more uniform deposition since less current is needed for a given deposition rate. The quality of the impregnated porous plaques can also be affected by the amount of solvent incorporated into the active material. Higher molecular weight means greater solvent content in the deposited material and consequently an accelerated decrease in porosity over time. As the porosity decreases the uniformity of the electrochemical reaction decreases because the effective ionic conductivity of the solution decreases. The degree to which efficiency and molecular weight affect the quality of the impregnated plaques, however, will require a mathematical model incorporating material transport into the pores and the appropriate solution chemistry. Optimum conditions suggested in growing planar films may not be appropriate for porous plaques. For example, this study suggests that impregnating at low concentrations of nickel nitrate is most desirable due to the
Introduction
It is well known that the sites where corrosion pits form are frequently related to microscopic features of a metal surface. ~-6 For stainless steel, the location of corrosion pits has been found to be associated with inclusions and second phase precipitates, as shown in the extensive works of Wraglen, I Eklund, 2-and Szklarska-Smialowska? -6 It has been recognized that sulfide iclusions, if present, will act as pit nucleation sites, ~ although questions remain about the relative importance of various types of inclusions on the pitting of stainless steel. 7 In the present paper, the behavior of inclusions of various compositions was monitored during initiation of pitting of 304SS in C1-containing solution in order to relate inclusion composition to corrosion behavior.
Smialowski et al. ~ investigated pitting of 18Cr-9Ni
austenitic stainless steel in 0.5 M NaC1 and proposed that pits preferentially nucleate at sulfide inclusions present * Electrochemical Society Student Member. ** Electrochemical Society Fellow.
either in the form of separate particles or as shells surrounding the oxides; they reported that no pitting occurred at particles composed only of oxides. However, Wagner et al. 7 reported that pits were seen to nucleate at various nonmetallic inclusions in various 18Cr-10Ni steels including oxide, sulfides, silicates, and also at precipitates of carbides and carbonitrides. Cihal et al. 8 investigated 18Cr-9Ni with 0.4-0.9% Ti in which nonmetallic inclusions of titanium sulfides, oxides, and carbonitrides were present, and found that only the oxides were effective in nucleating pits.
High spatial resolution scanning electron microscopy (SEM) and surface analytical studies have provided evidence that MnS inclusion dissolution is the initial step in a variety of systems in which pit formation occurs on stainless steels 316 and 3047 -6' 9-~2 According to Horowitz, 13 both choloride and thiosulfate ions have been shown to be aggressive species which chemisorb on the stainless steel passive film. In addition, it has been demonstrated 14'5 that thiosulfate ions alone (i.e., in the absence of C1-) exert no noticeable aggressive effect on the passive film. Lott and Alkire g'~~ reported that both
